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(57) Abstract: A method and an apparatus for implementing an embedded process control into a manufacturing tool (110, 112) 
system (210, 220, 230). At least one semiconductor device is processed. An embedded process control procedure is performed in 
response to the processing of the semiconductor device. A subsequent process of semiconductor device is performed in response 
to the embedded process control procedure. The apparatus of the present invention comprises: a computer system (130); and at 
least one manufacturing tool (110, 112) system (210, 220, 230) interfaced with the computer, the manufacturing tool (110, 220, 
230) comprising an embedded process control system capable of receiving commands from the computer system (130) and control 
a manufacturing process performed by the manufacturing tool (110, 112) system (210, 220. 230). 
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METHOD AND APPARATUS FOR EMBEDDED PROCESS CONTROL 
FRAMEWORK IN TOOL SYSTEMS 



TECHNICAL FIELD 

5 This invention relates generally to semiconductor manufacturing, and, more particularly, to a method and 

apparatus for using embedded process control in manu&cturing tool syst^s. 

. BACKGROUND ART 
The technology e3q)losion in the manu&cturing industry has resulted in many new and innovative 
manu^turing processes. Today's manufacturing processes, particularly semiconductor manufacturing processes, 

10 call for a large number of important steps. These process steps are usually vital, and therefore, require a number of 
inputs that are generally fine tuned to maintain proper manufacturing control. 

The manufacture of semiconductor devices requires a number of discrete process steps to create a 
packaged semiconductor device fiom raw semiconductor material. Ibe various processes, from the initial growth 
of the semiconductor material, the slicing of tiie semiconductor crystal into individual wafers, the febrication stages 

15 (etching, doping, ion implanting, or the like), to the packaging and final testing of the completed device, are so 
different fi-om one another and specialized that the processes may be performed m different manufacturing 
locations that contain different control schemes. 

Among the factors that affect semiconductor device manufacturing are wafer-to-wafer variation that are 
caused by manufacturing problems that include start-up effects of manufacturing machine tools, memory effects of 

20 manufacturing chambers, and first-wafer effects. One of the process steps that are adversely affected by such 
Actors is the photolithogr^hy overlay process. Overlay is one of several important steps in the photolithography 
area of semiconductor manu&cturing. Overlay control involves measuring tiie misalignment between two 
successive patterned layers on the surface of a semiconductor device. Generally, minimization of misalignment 
errors is important to ensure that the multiple layers of the semiconductor devices are connected and functional. As 

25 technology facilitates smaller critical dimensions for semiconductor devices, the need for reduced of misalignment 
errors increases dramaticaUy. 

Generally, photolithograpy engineers currentiy analyze tiie overlay errors a few times a montit Hie 
results fi'om the analysis of the overlay errors are used to make updates to e3q>osure tool settings manually. Some 
of tiie problems associated with the cuirent methods include the fact that the exposure tool settings are only 

30 updated a few times a month. Furthermore, cuirentiy the exposure tool updates are performed manually. 

Generally, a set of processing steps is performed on a lot of wafers on a semiconductor manufacturing tool 
called an exposure tool or a stepper. The manufacturing tool communicates with a manufacturing framework or a 
network of processing modules. The manufacturing tool is generally connected to an equipment interface. Hie 
equipment inter&ce is connected to a machine inter&ce to which the stepper is connected, thereby fiicilitating 

35 communications between the stepper and tiie manu&cturing framework. The machine inter&ce can generally be 
part of an advanced process control (APC) system. Hie APC system initiates a control script, which can be a 
software program that automatically retrieves tiie data needed to execute a manufacturing process. The input 
parameters that control the manufacturing process are revised periodicaUy in a manual &shion. As the need for 
higher precision manufecturing processes are required, improved methods are needed to revise input parameters 

40 that control manufacturing processes in a more automated and timely manner. Furthermore, wafer-to-wafer 
manufacturing variations can cause non-imifbrm quality of semiconductor devices. 
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Although ciurent process control systems provide for some coarse-tuning of manu&cturing controls, &e 
industry lacks an efficient means of perfonning fine-tuning of manufacturing controls. The present control systems 
are generally responsible for a plurality of manufacturing sections. These control systems are generally not capable 
of refining manufacturing processes at an in-depth level. 
5 The present invention is directed to overcoming, or at least reducing the effects oi^ one or more of &e 

problems set forth above. 

DISCLOSURE OF INVENTION 
hi one aspect of the present mvention, a method is provided for implementing an embedded process 
control into a manufacturing tool system. At least one semiconductor device is processed. An embedded process 
10 control procedure is performed in response to the processing of the semiconductor device. A subsequent process of 
semiconductor device is performed in response to the embedded process control procedure. 

In ano&er aspect of the present invention, an apparatus is provided for implementmg an embedded 
process control into a manu&cturing tool system. The apparatus of the present invention comprises: a computer, 
system; and at least one manufacturing tool system interfaced witii fbs computer, the manufacturing tool system 
15 comprismg an embedded process control system capable of receiving commands from the computer system and 
control a manufacturing process performed by the manufacturing tool system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The mvention may be understood by reference to the followmg description taken in conjunction M^ith the 
accompanying drawings, in which like reference numerals identify like elements, and in which: 
20 Figure 1 illustrates one embodiment of a manufacturing process control system; 

Figure 2 illustrates one embodiment of an ^paratus in accordance with the present invention; 
Figure 3 illustrates a more detailed depiction of one embodiment of a manufacturing tool system described 
in Figure 2; 

Figure 4 illustrates a more detailed depiction of one embodiment of an embedded process controller 
25 described in Figure 3; 

Figure 5 illustrates a flowchart depiction of the method in accordance with the present invention; 

Figure 6 illustrates a more detailed flowchart depiction of the step of performing an embedded process 
control procedure described in Figure 5; and 

Figure 7 illustrates a flowchart depiction of a method of modifying control parameters m response to 
30 errors detected. 

While the invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof have been shown by way of example in the drawings and are herein described in detail It should be 
understood, however, that the description herein of specific embodunents is not intended to limit the invention to 
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 
35 alternatives falling within Hhe spirit and scope of the invention as defined by the appended claims. 

MODE(S) FOR CARRYING OUT THE INVENTION 
Illustrative embodiments of the invention are described below. In the interest of clarity, not all features of 
an actual implementation are described in this specification. It will of course be appreciated that in the 
development of any such actual embodiment, numerous implementation-specific decisions must be made to 
40 achieve the developers' specific goals, such as compliance with system-related and busmess-related constramts, 
which will vary from one hnplementation to another. Moreover, it will be appreciated that such a development 
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effort might be complex and tune-consuming, but would never&eless be a routcae undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 

There are many discreet processes that are involved in semiconductor manufacturing. Many times, 
semiconductor devices are stepped through multiple manufacturing process tools. Wafer-to-wafer variations can 
5 result in an output of non-uniform semiconductor devices. One process that is affected by is the photolithography 
overlay process. Overlay process is an important step m semiconductor manufacturing. In particular, overlay 
process involves measuring misalignment errors between semiconductor l^ers during manufacturing processes. 
Improvements in fte overlay process could result in substantial enhancements, in terms of quality and efficiency, in 
semiconductor maQu&cturing processes. The present mvention provides a method of impionenting automated 
10 error correction for wafer-to-wafer variations. 

Semiconductor devices are processed in a manufacturing environment using a number of input control 
parameters. Turning now to Figure 1, one embodiment of the present invention is illustrated. In one embodiment, 
semiconductor products 105, such as semiconductor wafers are processed on processmg tools 110, 112 using a 
plurality of control input signals on a line 120. In one embodiment, the control input signals on tbs line 120 are 
15 sent to tiie processmg tools 110, 112 fixim a computer system 130 via machine interfoces 115, 117. In one 
embodhnent, the first and second madime interfaces 1 15, 1 17 are located outside the processmg tools 1 10, 1 12. In 
an altemative embodiment, the first and second machine interfiices 1 15, 1 17 are located within the processing tools 
110,112. 

In one embodiment, the computer system 130 sends control input signals on a liae 120 to the first and 

20 second machine interfaces 1 15, 1 17. The computer system 130 employs a manufacturing model 140 to generate the 
control input signals on die line 120. In one embodiment, the manufacturing model contains a recipe that 
determines a plurality of control input parameters that are sent on the Ime 120, 

In one embodiment, the manufiicturing model 140 defines a process script and mput control that 
implement a particular manufacturing process. The control input signals on a line 120 that are intended for 

25 processing tool A 1 10 are received and processed by the first machine interface 115. The control input signals on a 
line 120 that are intended for processing tool B 112 are received and processed by the second machine inter&ce 
117. Examples of the processmg tools 110, 112 used in semiconductor manufacturing processes are steppers, 
scanners, step-and-scan tools, and etch process tools. In one embodiment, processing tool A 110 and processmg 
tool B 1 12 are photoliOiography process tools, such as steppers. 

30 One or more of the semiconductor wafers that are processed by the processing tools 110, 112 are 

generally sent to a metrology tool 150 for acquisition of metrology data. In one embodiment, the metrology tool 
150 is a scatterometry data acquisition tool, or a scatterometer. Data from the metrology tool 150 is processed and 
organized by the metrology data processing unit 145. In one embodiment, the metrology data processmg unit 145 
correlates the metrology data to a particular manu&cturing lot of processed semiconductor wafers. In one 

35 embodiment, the metrology data processing unit 145 is mtegrated mto the computer system 130. In one 
embodiment, the metrology data processing unit 145 is a computer software program embedded into the computer 
system 130, wherein fiie computer system 130 is mtegrated withm die AFC firework. 

The processed metrology data, which in one embodiment is scatterometry data, fi-om the metrology data 
processing unit 145 is sent to a feedback/feed-forward controller 160 on a line 155. In one embodiment, the 

40 feedback/feed-forward controller 160 process the scatterometry data and generates feedback and feed-forward 
adjustment data that are known by those skUled in the art. Hie feedback and feed-forward adjustment data, 
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described below, is sent to the computer system 130 via a line 170. Hie computer system 130 utilizes the feedback 
and feed-forward adjustment data to make modifications in the manufacturing model 140, which causes 
appropriate changes in the control input parameters on the line 120. In one embodiment, the feedback/feed- 
forward controller 160 is integrated into the computer system 130. In one embodiment, the feedback/feed-forward 
5 controller 160 is a computer software program embedded into the computer system 130. 

Among the bases for modifying the control input signal on the line 120 are metrology measmments 
performed on processed semiconductor v/dfm, such as scatt^ometry measurements. Hie metrology 
measur^nents are used to p^oim a feedbadc modification and a feed-forward modification of the control input 
signals. Generally, the feedback modification of the control input signals on the Ime 120 are performed on 

10 photolithography processes, such as line width adjustments using photo exposiue dosages and line profile 
adjustments using exposure focus modifications. Feedback modification of the control input signal on the line 120 
can also be performed on etch processes, such as etch line shape adjustments using etch recipe modifications. 

Feed-forward modification of the control input signals on the line 120 can be used to perform collections 
of subsequent processes on the semiconductor wafers. Feed-forward modification of the control ir^ut signals on 

15 the line 120 can be used in spacer deposition processes, where scatterometry techniques can be used to adjust 
' effective line widths of precision fonns on semiconductor wafers. In one embodiment, in a spacer dq)osition 
process, scatterometry measi^ements can be used to adjust deposition time, which may impact the spacer width, 
which in turn would impact the effective line width of a trace on a semiconductor wafer. Furthermore, 
scatterometry measurements can be used measiure the ion implantation parameters and adjust ion implant dosage on 

20 subsequent ion implant processes. 

In fhs context of a manufacturing process such as a stepper process, the control inputs on the line 120 that 
are used to operate the processing tool 110 include an x-translation signal, a y-translation signal, an x-expansion 
wafer scale signal, a y-expansion wafer scale signal, a reticle magnification signal, and a reticle rotation signal. 
Generally, eirors associated with the reticle magnification signal and the reticle rotation signal relate to one 

25 particular exposure process on the surface of the wafer being processed in the exposure tool. One of the primaiy 
features taught by the present invention is a method of updating control input signals on the line 120 in response to 
an analysis of external variables. 

When a process step in the processiag tool 110 is concluded, the semiconductor wafer that is being 
processed in the processing tool 110 is examined in a review station, as described in block 120 of Figure 1. One 

30 such review station is a KLA review station. One set of data derived from the operation of the review station is a 
quantitative measiire of the amoimt of misregistration that was caused by the previous e3q)osure process. In one 
embodiment, the amount of misregistration relates to the misalignment in the process that occurred between two 
layers of a semiconductor wafer. In one embodiment, the amount of misregistration that occurred can be attributed 
to tiie control inputs to a' particular exposure process. The control inputs generally affect the accuracy of the 

35 process steps performed by the e3q;)osure tools on the semiconductor wafer. The control input signals affect the 
> reticle magnification and the position of the semiconductor wafer that is being processed. Modifications of tiie 
control inputs can be utilized to improve the performance of the process steps employed in the exposure tool. In 
one embodiment, the modifications to the control input signals on the line 120 are based on the effects of extemal 
variables on the semiconductor devices being processed. The present invention provides for a method and an 

40 apparatus for performing the process control described above, wherein the process control system is embedded 
within a manufacturing tool syst^. 
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Tumiiig now to Figure 2, an apparatus in accordance with the present invention is illustrated Hie 
computer system 130 is interfaced with a first manufacturing tool system 210, a second manufacturing tool system 
220, and an Nth manufacturing tool system 230. In one embodiment, individual process control systems are 
integrated or embedded into each of the first through Nth manufecturing tool systems 210, 220, 230. For purposes 
5 of clarity, the details of the first manufacturing system 210 will be described. However, it is to be understood by 
one skilled in &e art that tiie second 1faroug)i manufacturing systems 220, 230 are substantially similar to &e 
first manu&cturing system 210. The embeddmg of a process control system allows for fine-tune process control^ 
such as wafer-to-wafer error corrections. 

Turning now to Figure 3, a more detailed depiction of the first manufecturing tool system 210 is 

10 illustrated. The first manufacturing tool system 210 comprises a machine interface 115, an embedded process 
controller 310, and a manufecturing tool 320. The computer system 130 is interfaced with the machine interface 
1 1 5 and the embedded process controller 3 10. In one embodiment, the embedded process controller 3 10 is capable 
of performing feedback/feed-forward modifications during the operation of the manufacturing tool 320. 
Furthermore, the embedded process controller 310 is cq>able of performing fine-tune adjustment m the operation 

15 of the manufacturing tool 320 on a wafer-to-wafer basis. In other words, control parameter modification m die 
manufacturing tool 320 can be performed between processing of each semiconductor wafer, thereby producing a 
manufacturing lot of semiconductor wafers that are of a higher quality. 

In one embodiment, the embedded process controller 310 is capable of performing modifications in the 
operation of the manufacturing tool 320 via the machine interface 1 15. Furthermore, the computer system 130 can 

20 be used to affect the operation of the manufacturmg tool 320 via the embedded process controller 320 or via 
direcdy though the machme uiterfiice 115. The first manufacturing tool system 210 is generaUy capable of 
inidependently p^oiming process control, similar to the APC system, within the first manufacturmg tool system 
210. The second through Nth manufacturing tool system 220, 230 operate m a manner tiiat is simOar to the 
operation of the first manufacturing tool system 210. 

25 Turning now to Figure 4,* a more detailed depiction of one embodiment of the embedded process 

controller 310 is illustrated. In one embodiment, the embedded process controller 310 comprises a metrology data 
acquisition unit 410, a metrology data processing unit 145, a feedback/feed-fbrward controller 160, and a 
.manu&cturing model 140. In one embodunent, the metrology data acquisition unit 410 is a metrology tool 150 
that is capable of acquiring metrology data on a wafer-to-wafer basis. Data fiom the metrology data acquisition 

30 unit 410 is processed and organized by the metrology data processing unit 145. In one embodunent, the metrology 
data processing imit 145 correlates the metrology data to a particular semiconductor wafers that is being processed. 

The metrology data acquisition imit 410 is interfaced wifli the feedback/feed-forward controller 160, The 
processed metrology data fi-om the metrology data processing unit 145 is sent to a feedback/feed-forward controller 
160. In one embodiment, the feedback/feed-forward controller 160 process die processed metrology data and 

35 generates feedback and feed-forward adjustment data that are known by those skilled in the art. Ihe embedded 
process controller 310 utilizes the feedback and feed-forward adjustment data to make modifications in the 
manufacturing model 140, which causes appropriate changes in the control input parameters that control die 
operation of the manufacturing tool 320. 

Generally, the feedback modification of the control input parameters are performed on photolithography 

40 processes, such as line width adjustments using photo exposure dosages and line profile adjustments using 
exposure focus modifications. Feedback modification of the control input parameters can also be performed on 
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etch processes, such as etch line shape adjustments using etch recipe modifications. Feed-forward modification of 
the control input parameters may be used to perform corrections of subsequent processes on the semiconductor 
wafers. Feed-forward modification of the control input signals on the line 120 can be used in spacer deposition 
processes, where scatterometiy techniques can be used to adjust effective line widths of precision forms on 

5 semiconductor wafers. 

In one embodiment, the acquisition of metrology data, &e processing of the acquired metrology data, the 
generation of feedback and feed-forward data, and the modification of control input parameters are performed by. 
the embedded process controller 310 on a wafer-to-wafer basis; however, these processes can be performed on a 
lot-by-lot basis as well. As an illustrative example, during a film deposition process of a semiconductor wafer, the 

10 manufacturing model may define a recipe that calls for a deposition step duration of 10 seconds for achieving a 100 
Angstrom thickness of film deposit If data acquired after the processing of a semiconductor wafers reveals that a 
deposition step duration of 10 seconds produces a 105 Angstrom thickness of film deposit, the Ifeedback/feed- 
forward controller 160 can modify the recipe in the manufacturing model 140 before tiie processing of the next 
semiconductor wafer. The recipe in the manufacturing model 140 can be modified such that a deposition step 

15 duration of 9.8 seconds is knplemented on the next semiconductor wafer that is processed, in order to adiieve a 
fihn deposition tfaidcness of 100 Angstrom. M one embodunent, the embedded process controller 310 is an APC 
framework. 

Turning now to Figure 5, a flowchart depiction of one embodunent of the methods in accordance with the 
present invention is illustrated. At least one semiconductor wafer is processed by the manufacturing tool system 

20 210, as described in block 510 of Figure 5. After at least one semiconductor wafer is processed, an embedded 
process control procedure is performed, as described m block 520 of Figure 5. A more detailed flowchart depiction 
of the embedded process control procedure is illustrated in Figure 6. 

Turning now to Figure 6, metrology data is acquired on a wafer-to-wafer basis, as described in block 610. 
In one embodiment, the metrology data is acquired by the metrology data acquisition unit 410 m the embedded 

25 process controller 310. Once the metrology data is acquired, the metrology data is processed and correlated with 
corresponding semiconductor wafers that are being processed, as described in block 620 of Figure 6. In one 
embodiment, tiie processing of the acqmred metrology data is performed by the metrology data processing unit 145 
in the embedded process controller 310. 

Hie processed metrology data is then used to generate feedback and feed-forward data for subsequent 

30 processing of semiconductor wafers, as described in block 630 of Figure 6. In one embodiment, the feedback and 
feed-forward data is generated by the feedback/feed-forward controller 160 in the embedded process controller 
310. Hie feedback/feed-forward data is implemented in the control of subsequent processing of semiconductor 
wafer, as described in block 640 of Figure 6. In one embodunent, the implementation of the feedback/feed- 
forward data is performed by the manufacturing model, by making appropriate modifications to control input 

35 parameters that control the operation of fte manu&ctuiing tool 320. In one embodiment, the modification to the 
control input parameters is made by examming manufacturing eixors that are defined by the feedback and feed- 
forward data, which is illustrated by Figure 7. 

Turning now to Figure 7, manufacturing error data, as defined by the feedback and feed-forward data is 
acquired and analyzed, as described in block 710. The error data is acquired from one of plurality of methods 

40 known by those skilled in the art. Once the error data is acquired, a determination is made whether the error data is 
inside the deadband, as described in block 720 of Figure 7. The step described in block 720 is performed to deter- 
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mine whether an error is sufQciently significant to warrant a change in the control input parameters that control the 
manufacturing tool 320. To define the deadband, the errors acquired from product analysis stations (not shown), 
such as the review station, are compared to a predetermined set of threshold parameters. In one embodiment, the 
deadband contains a range of error values associated with control input signals centered proximate to a set of 
5 corresponding predetermined target values, for which generally controller action is blocked. If any one of the 
errors acquired from the product analysis station is smaller than its correspondmg predetennined threshold value, 
that particular error is deemed to be m the deadband. One of the primary purposes of the deadband is to prevent 
excessive control actions, resulting from changes to control input parameters that control the manufecturing tool 
320, from causing a semiconductor manufacturing process to be inordinately jittery. 

10 When a determination is made, as shown in block 720, that an error conesponding to a control input 

signal is inside the deadband, that particular error is ignored, as described in block 730 of Figure 7. Therefore, 
when the value of an error that corresponds to a control input signal is found to be in the predetennined deadband, 
that particular error is not used to update its corresponding control input signal. In one embodiment, when the error 
data is determined to be inside the deadband, no changes to the control parameters are made based upon that 

15 particular error data, as described in blodk 740 of Figure 7. New enror data is tiien obtamed and analyzed, as 
described in block 740 of Figure 7. In one embodiment, the steps described above are repeated for ^e new error 
data that is obtained. 

When a determination is made, as shown in block 720, that an error corresponding to a control input 

signal is not inside the deadband, further processing, such as modifying ^e control input parameters to compensate. 
20 for the errors, is performed, as described in block 750 of Figure 7. Hie value of the error corresponding to a 

control input signal is used to update that control input parameters that control the manui&cturing tool 320 for a 

subsequent manufacturing process step. 

The completion of the steps described in Figures 6 and 7 substantially completes die step of performing 

the embedded process control procedure described in block 520 of Figure 5. Turning back to Figure 5, once the 
25 embedded process control procedure is implemented, subsequent processing of semiconductor wafer is 

conmienced, as described in block 530 of Figure 5. The principles taught by the present invention can be 

implemented in other types of manufacturing and process control settings. 

The principles taught by the present invention can be implemented m an Advanced Process Control (AFC) 

Framework. The present invention provides a inetiiod and an apparatus for implementing the AFC framework as 
30 an embedded process control framework that is integrated into a manufacturing tool system 210, 220, 230. The 

AFC is a preferred platform from which to implement the overlay control strategy taught by the present invention. 

In some embodiments, the AFC can be a &ctory-wide software system, therefore, the control strategies taught by 

the present invention can be applied to virtually any of the semiconductor manufacturing tools on die foctory floor. 

The AFC framework also allows for remote access and monitoring of the process performance. Furthermore, by 
35 utilizing the AFC framework, data storage can be more convenient, more flexible, and less e?qpensive than local 

drives. The AFC platform allows for more sophisticated ^es of control because it provides a significant amount 

of flexibility in writing the necessary software code. 

Deployment of the control strategy taught by the present invention onto the AFC framework could require 

a number of software components. In addition to components within the AFC framework, a computer script is 
40 written for each of the semiconductor manufacturing tools involved in the control system. When a semiconductor 

manufacturing tool m the control system is started m the semiconductor manufacturmg fab, it generally calls upon 
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a script to initiate tiie action tiiat is required by tlie process controller, such as tiie overlay controller. Hie control 
methods are generally defined and performed in these scripts. The development of these scripts can comprise a 
significant portion of the development of a control system. The principles taugjht by the present invention can be 
implemented into other types of manuiacturing frameworks. 

5 The particular embodiments disclosed above are illustrative only, as the invention may be modified and 

practiced in different but equivalrait manners apparent to those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the details of construction or design herein shown^ other tiian as 
described in die claims below. It is tiierefore evident that die particular embodim^ts disclosed above may be 
altered or modified and all such variations are considered within the scope and spirit of the invention. 

10 Accordingly, the protection sought herein is as set forth in die clauns below. 
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CLAIMS 

1 . A method, comprising: 
processing at least one semiconductor device; 

perfoiming an embedded process control procedure in response to said processing of said semiconductor 
5 device; and 

perfonning a subsequent process of semiconductor device in response to said embedded process control 
procedure. 

2. The method described in claim 1, wherein perfonnmg an embedded process control procedure 
10 ftuther comprises: 

acquiring metrology data; 

processing said acquired metrology data; 

generating a feedback and feed-forward data using said processed metrology data; and 
implementing a feedback and feed-forward control on at least one control input parameter diat controls a 
IS manu&cturing process using said feedback and feed-forward data. 

3. The method described in claim 2, wherein generating a feedback and feed-forward data further 
comprises generating data that can be used to modify an exposure dosage recipe. 

20 4. The method described in claim 2, wherein generating a feedback and feed-forward data further 

comprises generating data that can be used to modify a focus during a photolithography process. 

5. The method described m claim 2, wherem generating a feedback and feed-forward data furtiier 
comprises generating data that can be used to modify a spacer deposition process. 

25 

6. An apparatus, 
CHARACTERIZED IN THAT, 

said apparatus comprising: 
a computer system (130); and 

30 at least one manufecturing tool (1 10, 1 12) system (210, 220, 230) interfaced with said computer system 

(130), said manufacturing tool (110, 112) system (210, 220, 230) comprising an embedded 
process control system capable of receiving commands from said computer system (130) and 
control a manu&cturing process performed by said manufacturing tool (1 10, 1 12) system (210, 
220,230). 

35 

7. The apparatus of claim 6, wherein said manufacturing tool (110, 112) system QIO, 220, 230) 
further comprises: 

a machine interface ( 1 1 5, 1 1 7); 

a manufacturing tool (1 1 0, 1 12) electronically coupled with said machine mterface (1 15, 1 17); and 
40 a embedded process controller (310) coupled with said machine mterface (115, 117) and said 

manufiicturing tool (110, 112), said embedded process controller (310) bemg capable of 
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perfonning process control upon said manu&cturing tool (1 10, 1 12) using said machine inter&ce 
(115,117). 



5 8. The apparatus of claim 7, wherein said embedded process controller (3 1 0) further comprises: 

a metrology data acquisition unit (150) capable of acquiring metrology data from said manu&cturing tool 
(110. 112); 

a metrology data processmg unit (145) coupled widi said metrology data acquisition unit (150), said 
metrology data processing unit (145) bemg c^>able of organizing and processing said acquired 
10 metrology data; 

a feedback/feed-forward controller (160) coupled witii said metrology data processing unit (145), said 
feedback/feed-forward controller (160) being capable of generating feedback and feed-forward 
adjustment data; and . 

a manu&cturmg model (140) coupled with said feedbadc/feed-forward controller (160), said 
15 manufacturing model (140) bemg capable of usmg said generatmg feedback and feed-forward 

adjustment data to perform modification to at least one control input parameter diat controls an 
operation of said manufacturing tool (1 10, 1 12). 



20 9. A computer readable program storage device raicoded with instructions that, when executed by a 

computer, performs a mettiod, comprising: 

processing at least one semiconductor device; 

performing an embedded process control procedure in response to said processing of said semiconductor 
device; and 

25 perfoimmg a subsequent process of semiconductor device in response to said embedded process control 

procedure. 

10. The computer readable program storage device encoded with mstructions that, when executed by 
a computer, performs the computer readable program storage device encoded with instructions that, when executed 
30 by a computer, performs the method described m claim 9, wherein perfonning an embedded process control 
procedure further comprises: 

acquiring metrology data; 

processing said acquired metrology data; 

generating a feedback and feed-forward data using said processed metrology data; and 
35 implementing a feedbadc and feed-forward control on at least one control input parameter that controls a 

manufacturing process using said feedback and feed-forward data. 



-10- 



wo 02/35300 



PCT/USOl/25655 



1/7 




wo 02/35300 



PCT/USOl/25655 



2/7 




wo 02/35300 



PCT/USOl/25655 



3/7 



CD 
C 

•c 

tS o 
c 

(0 



o 

CM 
CO 



i 8 
^1 









(D 






de 


o 


"O 
0) 


o 


-Q 


(0 


E 


CO 


HI 


8 




2 




0. 



CO 



E 

CO 

I* 

o 
o 

O) 

c 

=s 

ts 

c 

CD 





o 




LCI 11 


CQ 
CM 


E 


CO 




0) 




V 


yst 


O 




CO 


O 




o 






o 


c 




O) 


rtur 




urin 






ts 








lam 




C 






CO 


T3 






C 






o 






ec 




z 


CO 


o 

CM 
CM 





CO 
UJ 

O 

u. 




wo 02/35300 



PCT/USOl/25655 




wo 02/35300 



5/7 



PCT/OS01/2565S 




UJ 

3 
O 



wo 02/35300 



PCT/USOl/25655 



6/7 




o 

CD 



O 
CM 
CO 



o 

CO 
CO 



o 

CO 



o 

CM 
ID 



wo 02/35300 



PCT/USOl/25655 




